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Evaluating a Workspace’s Usefulness for Image Retrieval
Abstract Image searching is a creative process. We have
proposed a novel image retrieval system that supports cre-
ative search sessions by allowing the user to organise their
search results on a workspace. The workspace’s usefulness
is evaluated in a task-oriented and user-centred comparative
experiment, involving design professionals and several types
of real-life search tasks. In particular, we focus on its effect
on task conceptualisation and query formulation. A tradi-
tional relevance feedback system serves as a baseline. The
results of this study show that the workspace is more useful
in terms of both of the above aspects and that the proposed
approach leads to a more effective and enjoyable search ex-
perience. This paper also highlights the influence of tasks on
the users’ search and organisation strategy.
Keywords user evaluation · image retrieval · relevance
feedback · workspace · recommendation system
1 Introduction
Content-based image retrieval (CBIR) systems have still not
managed to find favour with the public even after more than
a decade of research effort in the field. There are two main
reasons for this lack of acceptance: first, the low-level fea-
tures used to represent images in the system do not reflect the
high-level concepts the user has in mind when looking at an
image (semantic gap); and – partially due to this – the user
tends to have major difficulties in formulating and communi-
cating their information need effectively (query formulation
problem) [14].
Our objective is to find a solution to these problems by
supporting an alternative search strategy. We have designed
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a system, EGO, that combines the search and the manage-
ment process [13]. This is accomplished by introducing a
workspace alongside a recommendation system. While search-
ing for images, the creation of groupings of related images
is supported, encouraging the user to break the task up into
related facets to organise their ideas and concepts. The sys-
tem can then assist the user by recommending relevant im-
ages for selected groups. This way, the user can concentrate
on solving specific tasks rather than having to think about
how to create a good query in accordance with the retrieval
mechanism.
We have designed a user experiment to evaluate the ef-
fectiveness of our approach for solving real-life image search
tasks. We compare EGO’s performance to that of a tradi-
tional relevance feedback system. In the relevance feedback
system, the user is given the option of selecting relevant im-
ages from the search results in order to improve the results in
the next iteration. Our aim is to collect evidence on the sys-
tems’ effectiveness as perceived by the users and in particu-
lar, we will focus on the workspace’s usefulness. By observ-
ing and analysing the user’s organisation strategy we will an-
swer the following questions: How was the workspace used?
What influence did the task have on this? More importantly,
however, we would like to determine the workspace’s role in
helping the user to both conceptualise their search tasks and
overcome the query formulation problem.
The experiment was completed in two stages. The un-
derlying experimental methodology is described in Sect. 4.
Experiment 1 involved 12 participants using the two sys-
tems for category search tasks and a design task. The re-
sults analysis is presented in Sect. 5. In this experiment, we
only studied two different tasks from which the design task
was only performed on the workspace system. So to be able
to further study the effect of task on searching and organi-
sation behaviour we need to investigate a larger variety of
tasks. Therefore, a second experiment was conducted with
new tasks, thus allowing us to analyse the usefulness of the
system in a wider context. Sect. 6 summarises our findings.
We provide the combined results of Experiment 1 and 2 in
Sect. 7 and a summarising discussion in Sect. 8. Finally,
Sect. 9 concludes the paper.
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2 Motivation
Image retrieval systems are tainted by problems caused by
the interaction with typical CBIR user interfaces mainly due
to the semantic gap and the query formulation problem. It
has become apparent that the user plays a very—if not the
most—important role. Without the users’ knowledge of the
world and their superior visual system, CBIR system capa-
bilities are rather limited. Moreover, user satisfaction greatly
depends on subjective judgements of image contents as well
as relevance. It is impossible to accommodate the huge di-
versity of users, yet systems can adjust to individual users
by learning their preferences.
From the user’s perspective, however, searching for and
performing a selection of images is usually embedded in
other tasks, and thus it is at least equally important to under-
stand and capture the work flow [2,6]. Therefore, a solution
to accommodate the needs of users must be flexible, should
support multiple tasks, and allow exchanges or even seam-
less integration with other applications used for the work
tasks. Moreover, the search process often takes place in a
collaborative context, in which people work together, are in-
spired and learn from each other’s activities.
What is needed is a holistic view on personal image or-
ganisation and retrieval. A “retrieval in context system” of-
fers a great opportunity for learning, adaptation and per-
sonalisation, which can overcome the problem of detect-
ing the usage context dependent meaning of images. These
considerations have led us to the design of EGO (Effective
Group Organisation). The combination of retrieval and man-
agement system is achieved by providing a workspace in the
interface which allows the user to organise their search re-
sults. Images can be dragged onto the workspace from any
of the other panels (or imported from outside the system)
and organised into groups. The grouping of images can be
achieved in an interactive fashion with the help of a rec-
ommendation system. For a selected group, the system can
recommend new images based on their similarity with the
images already in the group. The user then has the option
of accepting any of the recommended images by dragging
them into an existing group.
The same problems render image retrieval systems par-
ticularly difficult to evaluate. To date there still does not
exist a common testbed despite several efforts to this end
(eg the Benchathlon network [16] and more recently Image-
CLEF [18]). What makes creating a testbed so challenging
is the lack of objective measures for realistic image search
tasks. People have employed category search and target search
tasks, where the set of relevant images can be determined
beforehand and hence traditional precision and recall mea-
sures [9] can be used. However, image searching is an inher-
ently creative activity. Our target user population is expected
to use our system for design-related work tasks. In these sce-
narios it is seldom the case that an image retrieval system is
consulted to search for such a clearly defined set of images.
On the contrary, the underlying information need is typically
vague, and the result set is fuzzy.
For these reasons, we have adopted a user-centric, task-
oriented experimental methodology. We have devised sev-
eral design-oriented tasks and asked design-professionals to
participate in order to create a realistic search experience.
Each task description is accompanied by a scenario, which
describes a simulated work task [5]. The simulated work task
situation is aimed at re-creating tasks from an individual’s
real working life. This allows the users to develop their own
interpretation of the task and use their own judgement for
choosing relevant images. This way we can study how in-
formation needs evolve and what influence the interface has
on their search and organisation strategy.
3 The EGO System
3.1 Retrieval System
The underlying retrieval system has been described in [13,
12]. Images are represented by a set of low-level visual fea-
tures and modelled according to the hierarchical object model [10].
The distance between an object in the database and a given
query representation is computed in two steps: computing
the individual feature distances by the generalised Euclidean
distance; then combining the individual distances linearly
with a set of feature weights. The relevance feedback algo-
rithm is implemented by an optimised framework for updat-
ing the retrieval parameters as proposed in [10]. It attempts
to learn the best query representation and feature weighting
for a selected group of images (positive training samples).
3.2 The Interface
The EGO interface depicted in Fig. 1 comprises the follow-
ing components:
1. Query Panel: This provides a basic query facility to search
the database by allowing the user to compose a search re-
quest by entering search terms or adding example images
to the query-by-example (QBE) panel provided here. Click-
ing on the “Search” button in this panel will issue a search.
2. Results Panel: The search results from a query constructed
in the Query Panel will be displayed in this panel. Any of
the returned images can be dragged onto the workspace
to start organising the collection or into the QBE panel
to change the current query.
3. Workspace Panel: The workspace holds all the images
added to it by the user, and serves as an organisation
ground for the user to construct groupings of images.
Groupings can be created by right-clicking anywhere on
the workspace, which opens a context menu in which
the option can be selected or alternatively using a but-
ton located in the toolbar on the top of the workspace.
Traditional drag-and-drop techniques allow the user to
drag images into (or out of) a group or reposition the
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Fig. 1 Annotated EGO Interface
group on the workspace. An image can belong to mul-
tiple groups simultaneously. Panning and zooming tech-
niques are supported to assist navigation in a large infor-
mation space. Also, the recommendations are displayed
close to the selected group on the workspace (see centre
of workspace in Fig. 1). So as not to burden the user, the
number of recommended images (set to 10 in this evalu-
ation) is based on the standard cognitive limits [7].
4. Group Results Panel: For each query or recommenda-
tions issued the existing groups will be ranked in order
of similarity to the current query/group and the five top
matching groups will be displayed in this panel. Each re-
turned group contains a link to the original group on the
workspace.
4 Experimental Methodology
It has been argued that traditional IR evaluation techniques
based on precision-recall measures are not suitable for eval-
uating adaptive systems [5,4]. Hence, we used a task-oriented,
user-centred approach [4]. We have designed the experiments
to be as close to real-life usage as possible: we have chosen
participants with a design-related background and have set
tasks that are practical and relevant.
We employed a subset of the Corel collection (CD 1, CD
4, CD 5, and CD 6 of the Corel 1.6M dataset), containing
12800 photographs in total. 24 searchers used two systems
in a randomised within-subjects design. To counterbalance
the effect of learning from one system to the other, the order
of the systems and tasks was rotated according to a Latin-
square design. The independent variable was system type;
two sets of values of a variety of dependent variables in-
dicative of acceptability or user satisfaction were to be de-
termined through questionnaires. In addition, users’ actions
were logged and analysed.
4.1 The Interfaces
Workspace Interface - WS The interface used in the eval-
uation is a simplified version of the EGO interface. EGO
has some additional features for personalisation and can,
in principle, accommodate any sort of query facility. Since
our main objective in these experiments is to evaluate the
usefulness of the workspace, this interface is referred to as
the Workspace Interface (WS). The query facilities available
in the WS interface used in Experiment 1 are: (1) manu-
ally constructed queries by providing one or more image
examples (QBE), and (2) user-requested recommendations
(REC). The experimental interface also comprises a Given
Items Panel, which contains a selection of images (three per
task) provided for illustration purposes and can be used to
bootstrap the search. This panel replaces the Group Results
Panel in Fig. 1.
Relevance Feedback Interface - CS The baseline system is a
traditional relevance feedback system, referred to as CS (for
Checkbox System). Fig. 2 shows the CS interface with the
following components:
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Fig. 2 Annotated CS interface used in Experiment 1
1. Given Items Panel: as in Sect. 3.2.
2. Query Panel: as in Sect. 3.2.
3. Results Panel: As in Sect. 3.2, but instead of dragging
a relevant image onto the workspace the user has the
choice of labelling it by selecting a checkbox underneath
the image. After relevant images have been marked the
user can ask the system to update the current search re-
sults (based on the feedback provided) by clicking the
“Update Results” button in this panel.
4. Selected Items Panel: All items selected relevant during
the course of the search session are added to this panel.
The user can manually delete images if they change their
mind at a later change.
To summarise, the look-and-feel of the interface is similar
to WS (without the workspace facility). Finally, CS supports
two query facilities: (1) manual queries as above (QBE), and
(2) automatic query reformulation by the feedback provided
in the search results (RF).
4.2 Participants
Our sample user population consisted of post-graduate de-
sign students and young design professionals. Responses to
an entry questionnaire indicated that our participants could
be assumed to have a good understanding of the search and
design task we were to set them. We could also safely as-
sume that they had no prior knowledge of the experimental
systems. There were 24 participants in total: 16 male and
8 female. The age range was 20-50 with an average age
of 27 years. They had on average 5 years experience in a
Task Scenario
Imagine you are a designer with responsibility for the design of leaflets on various subjects for the Wildlife Conservation (WLC). The
leaflets are intended to raise awareness among the general public for endangered species and the preservation of their habitats. These
leaflets [...] consisting of a body of text interspersed with up to 4–5 images selected on the basis of their appropriateness to the use to
which the leaflets are put.
Category Search Task (Tasks A and B):
You will be given a leaflet topic from the list overleaf. Your task involves searching for as many images as you are able to find on the given
topic, suitable for presentation in the leaflet. In order to perform this task, you have the opportunity to make use of an image retrieval
system, the operation of which will be demonstrated to you. You have 10 minutes to attempt this task.
Design Task (Task C):
This time, you’re asked to select images for a leaflet for WLC presenting the organisation and a selection of their activities (some of
WLC’s activities are listed overleaf but feel free to consider other topics they might be involved in). Your task is to search for suitable
images and then make a pre-selection of 3-5 images for the leaflet. You have 20 minutes to attempt this task.
Fig. 3 Task description for Experiment 1
design-related field (graphic design, architecture, photogra-
phy). Most people dealt with digital images at least once a
day as part of their course or work.
4.3 Tasks
We used a simulated work task situation as conducted in [5].
This scenario allows for evolving information needs in just
the same dynamic manner as might be observed in an in-
dividual’s real working life. A description of the work task
scenario and tasks is provided in Fig. 3. The tasks were:
A/B. In the category search scenario users were asked to
find as many images as possible from a given topic.
The topics in Task A represent simple and concrete
topics (“mountains”, “tigers”, “elephants”), while the
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topics in Task B comprise multiple facets (“animals in
the snow”, “African wildlife”, “underwater world”).
C. The design task resembles an open-ended design task,
where the participants had to search for and make a
choice of 3-5 images.
4.4 Hypotheses
As investigating the workspace’s usefulness is a high-level
goal, the experimental hypothesis has been broken up into
the following more manageable sub-hypotheses:
1. The addition of a workspace leads to a more effective
system and increased user satisfaction.
2. The workspace helps users to conceptualise their tasks
better.
3. The grouping and recommendations help to overcome
the query formulation problem.
4.5 Procedure
Our experiment started with an introductory orientation ses-
sion and a pre-search questionnaire. The actual search tasks
were divided into two parts: the category search part and the
design part. For the first part, the participants performed one
category search task on each system (one topic of Task A on
the first system and one of Task B for the second system).
Each search session (max 10 min1) was preceded by a train-
ing session on the system, and followed by a post-search
questionnaire. After having completed the two search ses-
sions, the participants were asked to complete an exit ques-
tionnaire comparing the two systems. For the second part,
the participants were asked to perform the design task on
WS (max 20 min), followed by a post-search questionnaire.
The total time for one experiment was 120 min.
4.6 Data Capture
Questionnaires: The questionnaires elicit people’s opinion
on the tasks performed, the images found during the search
session, the usability of the systems and their satisfaction
with their task performance. Their opinion was captured
on 5-point semantic differentials, 5-point Likert scales
and open-ended questions. The results for the semantic
differentials and Likert scales are in the range [1,5], with
5 representing the best value. In the results analysis, sta-
tistically significant differences are provided where ap-
propriate with p ≤ .05 using the two-tailed version of
the non-parametric Wilcoxon Paired-Sample test. CS and
WS denote the means for CS and WS respectively, while
C˜S and W˜S denote their medians.
1 A maximum time was set for all tasks in order to limit the total
time spent on the experiment.
Usage logs: The data logged include total session time, im-
ages selected during the search, types and number of
queries issued. These results are analysed and summarised
to reflect the users’ performance and required effort to
complete the tasks.
5 Experiment 1
The first stage of the experiment involved 12 participants
using the two experimental systems on the tasks described
above. There are two objectives of this experiment: (1) to
compare the two systems according to their effectiveness
and user satisfaction; and (2) to analyse how people make
use of the workspace depending on the nature of the tasks in
order to determine its effect on task conceptualisation.
5.1 System Comparison
The comparison is based on the category search tasks, in-
volving 24 searches in total (one topic per system per user).
The questionnaire results present a subjective view indica-
tive of the system’s acceptability and usability, while the log
data provides a means of judging the task performance ob-
jectively.
Task Performance From the usage logs we can obtain infor-
mation on the total number of relevant images found for the
category search tasks2. Table 1 shows the number of relevant
images for each of the topics and systems. The total number
of relevant images varies greatly per task. The level of re-
call (number of relevant images found over number of total
relevant images for the topic) attained depends therefore not
only on the complexity of the task but also on the number of
relevant images available in the system. Users generally per-
formed better on CS independent of the nature of the task.
Yet, the questionnaire analysis below suggests that there was
a stronger focus in WS to find appropriate images for the
leaflet, facilitated by better tools for exploring the task and
the collection.
User Satisfaction After having completed a task the par-
ticipants were given a post-search questionnaire about their
search experience. Finally, they were asked to compare the
two systems in the exit questionnaire. In this section we
analyse the users’ opinion on the systems as inferred from
the answers provided in these questionnaires.
Post-Search Questionnaire In the post-search question-
naire people were asked about the task they performed, the
images received through the searches, and the system itself.
Task: The first part of the post-search questionnaire cov-
ered the user’s perception of task complexity. The tasks
2 The ground-truth was obtained by manually labelling relevant im-
ages in the collection for each topic.
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Table 1 Number of relevant images found and corresponding levels of recall per category search topic
Task A Task B AVGTopic 1 Topic 2 Topic 3 Topic 4 Topic 5 Topic 6
Total #Relevant 549 114 103 220 865 402 375.5
#Rel AVG 56.5 14.0 15.25 44.0 38.75 36.75 34.2
#Rel CS 71.5 18.0 18.5 54.5 50.5 34.0 41.2
#Rel WS 41.5 10.0 12.0 33.5 27.0 29.0 25.5
Recall AVG 10.3% 12.3% 14.8% 20.0% 4.5% 7.8% 11.6%
Recall CS 13.0% 15.8% 18.0% 24.8% 5.8% 8.5% 14.3%
Recall WS 7.6% 8.8% 11.7% 15.2% 3.1% 7.2% 8.9%
Table 2 Semantic differential re-
sults for the Task, Search Process,
and Images Parts
Differential CS C˜S WS W˜S p
Ta
sk
clear 4.8 5 4.8 5 -
easy 4.5 5 4.3 5 -
simple 4.8 5 4.5 5 -
familiar 3.8 4 3.7 4 -
Se
ar
ch relaxing 4.6 5 3.9 4 -
interesting 3.6 4 4.3 4 0.02
restful 3.8 4 3.7 4 -
Im
ag
es relevant 4.2 4 4.2 4 -
appropriate 4.2 4 4.3 4 -
complete 3.3 3 4.1 4 0.03
Table 3 Semantic differential re-
sults for the System and Interac-
tion Parts
Differential CS C˜S WS W˜S p
Sy
ste
m
wonderful 3.7 4 4.1 4 -
satisfying 3.9 4 4.1 4 -
stimulating 3.2 3 3.8 4 0.01
easy 4.6 5 4.1 4 0.03
flexible 2.8 3 3.9 4 0.01
novel 3.1 3 4.2 4 0.02
effective 4.3 4 4.3 4 -
In
te
r in control 4.3 4 4.2 4 -
comfortable 4.4 5 4.6 5 -
confident 4.3 4 4.4 5 -
Table 4 Likert-scale results for
System Part
Statement CS C˜S WS W˜S p
learn to use 4.8 5 4.1 4 0.03
use 4.5 5 4.0 4 -
explore col. 3.3 3 4.3 4 0.03
analyse task 3.1 5 4.5 5 0.02
were rated according to the 5-point semantic differen-
tials: clear, easy (vs. difficult), simple (vs. complex) and
familiar. The results are shown in Table 2 (scores from 1
to 5, higher=better). There are no significant differences
on any of the differentials and all scores are well above 3,
showing that the users generally considered the tasks to
be clear, easy, simple, and familiar. However, the tasks
were considered slightly easier and simpler on CS. Note
that their perception depends on the users’ overall search
experience on a particular system, since these responses
are received in the post-search questionnaire.
Search Process: The users were asked to rate the search process
according to the 5-point semantic differentials: easy (vs.
stressful), interesting (vs. boring), and restful (vs. tiring).
The search process was considered slightly more relax-
ing and easier on CS, but significantly more interesting
on WS. However, people tended to agree more with the
statement that they had enough time to complete their
task on CS: CS = 4.6, C˜S = 5 and WS = 4.3, W˜S = 4.
Images: The retrieved images were considered equally rele-
vant, but slightly more appropriate and significantly more
complete on WS (see Table 2).
System: The users considered CS significantly easier than
WS, while they considered WS to be significantly more
stimulating, flexible, and novel. Table 3 shows the results
for these differentials. People found CS significantly eas-
ier to learn to use, while there was only a marginal dif-
ference between using them. By contrast, people thought
WS helped them to explore the collection better, as well
as analyse the task better. The results for the responses
to these statements are provided in Table 4.
Exit Questionnaire After having completed both cate-
gory search tasks having used both systems, the users were
asked to determine the system that was (a) easiest to learn to
use, (b) easiest to use, (c) most effective, and (d) they liked
best overall. They could choose between WS, CS, and no
difference. It turned out that, while it is easier to learn to use
CS (42% for CS and 25% for WS), people did not have a
problem using WS (CS: 42%; WS: 50%), and the majority
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of people thought it was more effective (50% compared to
33% for CS) and preferred WS (67%).
5.2 Organisation Analysis and Information Need
Development
The second objective of the study is to judge the workspace’s
usefulness in helping the user to conceptualise their task. We
provide a detailed analysis for all tasks based on both exper-
iments in Sect. 7.2.
To summarise, we found a correlation between the com-
plexity of the task and the number of groups created (1.2,
4.3, and 4.4 for Task A, B, and C, respectively). Further, re-
sponses in the questionnaires showed that the management
of search results was deemed more helpful in the design sce-
nario, which is more flexible and open to interpretation than
the category search scenario. In the category search scenario,
the usefulness of the organisation also depended on the com-
plexity of the task: the more facets the task comprised, the
more useful the workspace was considered. This strong de-
pendency between both the number of groups created and
the users’ perception of the workspace’s usefulness, led us
to the conclusion that our approach indeed helps in concep-
tualising the task.
We have also analysed the nature of the information need
and compared how each of the systems supported the user in
either fulfilling or evolving their needs. The responses sug-
gest the participants had a clearer idea of the images relevant
for the task in the category search scenario (average 4.4),
compared to the design scenario (3.7). While users’ initial
idea did not vary much across the systems for the category
search tasks (CS = 4.2, C˜S = 4 and WS = 4.4, W˜S = 4), WS
still helped more to develop their need: The users detected
more aspects of the category than initially anticipated on WS
(CS = 2.4, C˜S = 2 and WS = 4.4, W˜S = 5; p = 0.02). This
was especially true for the multi-faceted topics (CS = 2.7
and WS = 4.7).
On the other hand, people tended to be equally satisfied
with their search results in both systems (CS = 3.6, C˜S = 4
and WS = 3.6, W˜S = 4). There is no apparent correlation
between actual task performance and perceived task perfor-
mance. This shows that people had other performance crite-
ria apart from finding as many images as possible. As men-
tioned above, we suspect that the users of WS, by providing
better tools for exploring and analysing the retrieved images,
concentrated more on selecting images of good quality. This
can be explained by the fact that the task description not only
asked for finding as many images as possible, but also had
the additional qualifying statement “suitable for presenta-
tion in the leaflet”.
5.3 Discussion
By analysing users’ behaviour in different task scenarios, we
have been able to show that the grouping facility was used to
reflect the various task facets, and therefore helped to con-
ceptualise tasks. On the other hand, the conclusion on the
second hypothesis, namely that our approach leads to a more
effective and usable interface, was ambiguous.
The responses in the questionnaires suggest that the par-
ticipants were more satisfied with their overall search experi-
ence on WS and that it was at least as effective. By contrast,
the actual task performance does not reflect the users’ per-
ception. The number of relevant images found per task were
generally higher on CS than on WS. Based on the analysis
of the questionnaire data, the reason for this is that the se-
lection of relevant images is much faster than the dragging
of images. Also, the users spent time on creating groups of
images and moving images between groups in the WS sys-
tem. There is an additional cognitive effort underlying these
activities on WS. The users spent more time thinking about
task aspects and groups to create, as well as about which im-
ages are appropriate for the leaflet. Since we have set a max-
imum time limit, the performance was better on CS where
the user was not “distracted” by managing their search re-
sults. On top of this, the task description was found to be
ambivalent. We suspect that people had a slightly different
objective in WS, which supported a more selective search
strategy.
In addition, the failure of the recommendation system
has most probably contributed to these results. Analysing
the users’ comments, we could identify that many people
thought the recommendation system would potentially have
been a useful feature, but was not employed due to its in-
ability to recommend relevant images. The main problem
was that only the top 10 recommendations were accessible,
whereas in CS the top 100 images were shown. The over-
all hypothesis underlying this work, namely that the recom-
mendation system helps to overcome the query formulation
problem, could not be verified directly. On the other hand,
when analysing the way the users manually created queries,
we could observe an interesting pattern. They usually started
off with a small number of example images (from the given
items, and some initial results). Once they had created a
group on the workspace that contained several relevant im-
ages, they used the whole group in the QBE search to find
similar images to the group. We assume that, had the rec-
ommendation system worked better, users would have used
the recommendations instead of the QBE search. Since this
was not the case, they had to resort to the manual facility of
finding more similar images for the group.
In conclusion, the difference in performance can be at-
tributed to the additional effort—both physical (slower se-
lection process) and cognitive—required in WS. While the
users commented on the additional physical effort, they did
not perceive the additional cognitive effort as negative. On
the contrary, they thought the organisation to be support-
ive for solving their tasks as well as potentially beneficial
for others to use in the future. Given these results, a sec-
ond phase of the experiment was designed incorporating a
number of new tasks. This would allow us to study the ef-
fect of tasks on searching and organisation behaviour further
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and hopefully lead to more insights on the query formulation
process in both systems.
6 Experiment 2
After the results obtained from the first set of participants,
we have improved the system by taking into account the
lessons learnt. The changes made were:
– The recommendation system in WS was not used to its
full potential, due to its inability to recommend relevant
images. This has been addressed in two ways. First, in-
stead of just showing the top 10 recommendations on the
workspace, the results panel now also shows the com-
plete results (limited to 100 images). Second, a textual
search facility has been introduced, because the visual
features seemed not sufficient to solve more abstract tasks
providing a more realistic search experience. Textual an-
notations obtained from [17] were incorporated and im-
plemented according to the vector-space model [11]. Vi-
sual and textual features are combined using a rank-based
list aggregation method [12].
– The retrieval mechanism was further improved by allow-
ing negative feedback, as people complained about the
inability to continue a search when the majority of re-
turned images were irrelevant. Since incorporating nega-
tive feedback is a difficult endeavour [15], we have opted
for a quick and safe approach: irrelevant images are added
to a negative filter excluding them to be returned for the
same search. It was straight-forward to implement this
in CS where negative feedback can easily be provided
explicitly. In WS however, we have chosen an implicit
feedback strategy, whereby an image is automatically
added to a negative filter for a group when it has been ig-
nored (i.e. not dragged into this group) after having been
returned 3 times amongst the top 10 recommendations.
– A new set of tasks has been introduced. We felt that more
tasks were needed in order to draw definitive conclu-
sions on the workspace’s usefulness in helping to con-
ceptualise tasks. In addition, after having questioned de-
sign professionals about their “usual” kind of work and
search tasks it became apparent that they rarely have to
perform an exhaustive search on a specific topic as is re-
quired in the category search task. Therefore, a greater
emphasis was placed on creativity and realism when de-
vising the new set of tasks.
– Finally, no time limit was set on the tasks, addressing this
problem in the previous setup and supporting an even
more creative search session.
With this improved evaluation setup, Experiment 2 should
help clarify the validity of the experimental hypotheses.
Topic 1: “people in national costumes”
Topic 2: “seasons in the country”
Fig. 5 Image sets for Task D topics
6.1 Changes to the Experimental Methodology
The following changes were made to the experimental method-
ology described in Sect. 4: slightly modified interfaces, a
new set of tasks, and a slightly different procedure.
Fig. 4 Relevance feed-
back in CS
The Interfaces The interfaces de-
scribed in Sect. 4.1 were slightly
modified. The query panel has an
additional text box for a user to enter
a set of keywords to use in a search.
Since the keyword search provides
an adequate solution to bootstrap a search session, we no
longer needed to provide a set of given items. Hence, the
given items panel is no longer present in the interfaces. WS
in Experiment 2 has the same panel layout as the screen-
shot in Figure 1. The results panel in the new CS interface is
modified to allow negative feedback: the checkbox for mark-
ing relevant images is replaced by 3 combo boxes to mark
images as one of relevant, irrelevant, or neutral (see Fig. 4).
Tasks
D. In the theme search task, a theme was illustrated by
three example images and the task involved searching
for and selecting one further image complementing this
set (see Fig. 5; note that the textual description was not
shown to the users).
E. The illustration task involved illustrating a piece of text
for publication on the WWW or an advertising slogan
with three images. There were four topics in total from
which the participants had to choose two (one on each
system). One example scenario and task description is
provided in Fig. 6.
F. In the abstract search task people were asked to select
at least one image representing a given abstract topic.
The simulated work task situation prescribed to select an
image for a photo competition.
Procedure Each participant performed four search sessions,
completing two tasks with a different topic per system. Each
system was used twice. Tasks and systems were rotated ac-
cording to a Latin-square design in order to compensate the
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Example illustration task (Task E):
Imagine you are the web designer for an online travel agency called PerfectHoliday. In order to gain more customers, they have decided
to hold a competition entitled “Win your dream holiday”. They have provided you with the details of the competition (see below) and
have asked you to select some images to illustrate the text.
Your task is to find one main and two additional images that you would place on the webpage along with the competition details. The
images should draw people’s attention and spark their imagination.
Win your dream holiday!
What if you could make your dream holiday become
reality? Where would you go and what would you do?
PerfectHoliday is giving you the chance to win that
dream! We will be giving away £2000 to the lucky win-
ner for the holiday of their dreams! What would you
do with the money? Swim with the dolphins? Stay on
a French castle or sail the Mediterranean on a luxu-
rious sailboat? Do you imagine yourself white water
rafting in the Alps? Or would a secluded beach with
pearly white sands be for you? No matter what your
dream holiday looks like, we will make your dreams
come true.
To enter this competition, simply send us a description
of the perfect holiday before midnight on [...] So don’t
hesitate! Send your details to [...] and you could be
packing your bags!
Abstract search (Task F):
Imagine you want to take part in a photo competition, where you could win £100 for a picture that depicts the following theme: Dynamic
[//Cute]
In order to get ideas for the competition, you want to look for already existing photographs conveying the same theme. Your task is to
select at least one images that represents the theme well.
Fig. 6 Task descriptions for Experiment 2
learning bias. The procedure involved a pre-search question-
naire, the four search sessions followed by a post-search
questionnaire each time, and finally an exit questionnaire/interview
comparing the systems. A search session was preceded by a
training session if the system was used for the first time. The
whole procedure lasted approximately two hours.
6.2 Results Analysis
In the results analysis the systems are first compared accord-
ing to (a) their effectiveness, and (b) user satisfaction. Fi-
nally, the users’ organisations of images on the workspace
are analysed and related back to the task that was performed
and the nature of the users’ underlying information needs.
The analysis is based on 48 searches in total, 12 users per-
forming 4 searches each.
6.2.1 Effectiveness
The systems’ effectiveness is investigated both objectively
and subjectively: from the perspective of the required effort
as determined from the usage logs and from the perspective
of the participants.
User Effort Due to a lack of objective performance mea-
sures for the tasks in Experiment 2, we provide an analysis
of the number of images selected per task and the amount
of user effort required to select them. These include: total
search time and number of queries issued. People can is-
sue either manual queries—constructed in textual form, by
providing image examples or a combination of both—or rel-
evance feedback queries. The latter correspond to relevance
feedback iterations in CS or group recommendations in WS.
Table 5 reveals that less queries were issued and more
images were selected on WS. In particul r, more relevance
feedback queries ere requested on WS, while more manual
queries were constructed on CS (with the exception of Task
F). The RF queries were particular useful for Tasks E and F.
The search sessi lasted on average longer on WS. By con-
trast, Task E stands out for being completed in less time on
WS (with a difference of about 4 minutes) but still achieving
a slightly larger selection of images in the end. Again, this
indicates that WS is particularly useful for design-oriented
tasks.
We also observed that the selected images on WS were of
better quality. Although it is difficult to measure this objec-
tively, the participants felt that the images they had retrieved
on WS were more complete (CS=3.5,WS=3.8) and slightly
more relevant (CS=4.0,WS=4.1). Also, they perceived their
performance more successful (see below).
User Perception of Task Performance After each task the
users were asked if they thought they had succeeded in their
performance of the task and also rate potential problems
that might have affected their performance. Table 6 reflects
the general perception of performance success for each task.
The table also highlights the problems that affected the per-
formance (there were no significant differences). The biggest
problem encountered was that people thought the images
they were looking for were not contained in the collection,
followed by the system not returning relevant images. Peo-
ple were slightly less satisfied with their performance for
Task E, mainly because they could not find the images they
were visualising (i.e. because the images were not in the col-
lection or the system did not return relevant images). Also,
time was more of an issue in this task. These results can be
expected, since this is the most creative of the three tasks.
Performing a task on WS was generally more success-
ful. The understanding of the task and time were the two
issues that had a larger impact on task performance on WS
than CS3. On the other hand, people’s performance was hin-
dered more by an uncertainty of what action to take next
on CS. Together with the user comments presented below
this indicates that—though a simple concept in principle—
providing relevance feedback brings uncertainty as to which
images to select for feedback in order to achieve better re-
sults. This corroborates similar results in textual information
retrieval [1].
3 In Experiment 1, people also tended to agree more with the state-
ment that they had enough time to complete their task on CS: CS = 4.6,
and WS = 4.3
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6.2.2 User Satisfaction
In this section we discuss the results to the responses con-
cerning user satisfaction with the system in general and the
interface features in particular.
Tasks, Search Process and Retrieved Images The trend on
the user’s perception of the tasks themselves is reversed in
Experiment 2: the tasks were considered slightly more clear,
easy, simple, and familiar on WS. As in Experiment 1 there
were no significant differences concerning the tasks, how-
ever. The search process was once again perceived signif-
icantly more interesting on WS and the set of images re-
ceived through the searches were more complete. The results
for this part are shown in Tables 7.
System and Interaction There is a clear trend that the partic-
ipants were more satisfied with WS. They regarded WS to be
significantly more flexible and the scores for the remaining
differentials—wonderful, satisfying, stimulating, efficient, and
novel—were higher for WS as well. CS, on the other hand,
was only thought to be easier. Table 8 shows the results for
these differentials.
A similar trend is apparent concerning the interaction
with the system. People felt more comfortable and confident
while using WS. However, WS was deemed slightly more
difficult to learn to use but equally easy to use.
Interface Support In Experiment 2, people were asked how
effective they found the interface and rated the contribut-
ing features. Table 9 summarises these results. Overall, WS
was regarded significantly more effective. The three top rated
features on WS were that it helped to organise images, ex-
plore the collection, and analyse the task. The ordering of
features on CS was: find relevant images, explore the col-
lection, and detect/express different task aspects. While both
systems were considered equally effective to find relevant
images, all other features were rated significantly higher on
WS.
Table 10 compares the adaptive querying mechanisms
in both interfaces: the relevance assessment in CS and the
grouping in WS. It turns out that the grouping was consid-
ered significantly more effective and useful. Also note that
the relevance assessment was even considered more difficult
than the grouping.
In open-ended questions the participants were asked to
state the most and least useful tools of the interface. The
most useful tools in CS were stated as, in order of frequency
of responses: textual query (10 responses4), query-by-example
search (9), and relevance feedback facility (7). The least use-
ful tools were: result filters for various features (5)5, rel-
evance feedback (4), and lack of storing facility/overview
4 This question was asked after each task, thus 24 responses are pos-
sible per system.
5 Apart from the overall results based on both features, the user
could look at the individual results for the visual and textual features,
respectively.
of selected images (4). It emerged that the relevance as-
sessment was mainly useful for specific searches, for which
users stated it as helping them to improve and/or narrow
down their search. However, for other tasks people often felt
the system returned unexpected results and they were unsure
of which items to select to improve the results. In this case,
people had to resort to manual search facilities.
In WS, people unanimously liked the grouping facility
on the workspace. The three most useful tools in WS in-
cluded the grouping of images (14), group recommendations
(10) and textual queries (5), and the least useful tools were:
query-by-example (4), top 10 window of recommendations
(3) and text search (2). This shows that using groups and
recommendations was considered more useful than the man-
ual search facilities. Especially the query-by-example facil-
ity was superfluous in this system. There was a plethora
of comments about the workspace demonstrating its advan-
tages, such as “grouping was useful to keep track of associ-
ated images”, “emphasis was on sorting rather than search-
ing; workspace and groups were used to categorise images
and explore those categories further”. The grouping’s only
disadvantage that became apparent was that it was difficult
to remove images from existing groups.
These results support our view that WS, with its group-
ing and recommendation facility, assists the user in the query
formulation process, while removing the need to manually
reformulate queries. The picture in CS is quite different:
people were divided on the usefulness of the relevance as-
sessments and some still relied heavily on the manual query
facilities. On average, people selected 2.4, 3.2, and 3.8 im-
ages per relevance feedback iteration for Task D, E, and F,
respectively. Compared to that, the groups in WS contained
4.9, 4.6, and 4.4 images. So the manual selection process
was less productive than collecting the images in groups.
Moreover, the grouping process has the additional benefit of
supporting a diversifying search by allowing to declare and
pursue various task aspects simultaneously.
System Rankings After completing all four search tasks, the
users were again asked to state their preferences for the two
systems. 67% liked WS best and the majority also thought it
was more effective (46% compared to 26% for CS). CS was
clearly easier to learn to use (58%), whereas the ranking for
using the systems was relatively balanced (46% for WS and
42% for CS).
6.2.3 Organisation Analysis and Information Need
Development
Experiment 1 has already pointed to differences between
users’ organisation behaviour depending on the nature of
task they performed. Following on the investigation into this
dependency, three more types of tasks were introduced in
Experiment 2. We observed once more that the more open
or complex a task is, the more groups were created on the
workspace (1.5, 2.9, and 2.6 for Task D, E, and F, respec-
tively). For these types of tasks the organisation was deemed
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most useful and recommendations were requested more of-
ten. Again, the overall results are presented for both experi-
ments below in Sect. 7.2.
We also analysed the nature of the groups created by the
participants for any given task (the detailed results have been
omitted due to space limitations). The groups different users
created often overlapped in the overall themes, but not nec-
essarily in the images themselves. This shows that groups
are definitely task-dependent and hence people would bene-
fit from using and working with other people’s groups.
Moreover, we were interested in the systems’ support in
developing and fulfilling the user’s information need. While
their initial idea was clearer on WS, especially for Task D
and B, they also discovered significantly more task aspects
during the search on WS (see Table 11). As could be seen
in the performance analysis in Experiment 1 (Sect. 5.1), the
category search tasks were more successful on CS. For the
tasks in Experiment 2, on the other hand, the participants
managed to find a larger selection of images on WS than on
CS. The participants were significantly more satisfied with
their results across all three tasks, and as we have seen earlier
in Table 6 also perceived their overall task performance more
successful.
6.3 Summary
All in all, Experiment 2 has essentially reinforced the find-
ings of Experiment 1 regarding the strengths and weaknesses
of WS. In addition, it could be shown that the effectiveness
for realistic, design-based tasks is actually better on WS.
There was also more evidence that the grouping and rec-
ommendations caused less confusion and were more natural
to the users than the relevance feedback approach. Before
drawing the final conclusions, we will provide the combined
results of Experiment 1 and 2 in the next section.
7 Combined Results
In this section we present the combined experimental results
with an emphasis on a task-based comparison. It provides
a discussion on users’ perception of task characteristics and
performance in order to analyse the specifics of each task.
Further, a summary of the organisation analysis should help
to clarify how people useed the workspace for all tasks per-
formed on WS. Last but not least, we present the overall
results concerning usability and user satisfaction for all 24
users.
7.1 Task Analysis
We have created a variety of realistic tasks, ranging from cat-
egory search, an image-based theme search, abstract topic
search, illustration task and an open design task. The tasks
were designed to vary in terms of complexity, degree of ab-
straction and creativity. The participants confirmed that they
Table 5 User effort indicators per task and system
Task D E F CS WS
time 10’58” 16’22” 11’56” 12’40” 13’35”
#images 11.0 18.3 15.7 13.7 16.2
#queries 10.7 20.3 16.4 16.4 15.3
manual 8.0 14.0 11.7 11.9 10.6
RF 2.7 6.4 4.8 4.6 4.7
Table 6 User perception of task performance per task and system (per-
formance: higher=better, problems: lower=more problematic)
Task D E F CS WS
performance success 4.4 4.1 4.3 4.2 4.4
did not understand task 4.9 4.9 4.8 5.0 4.8
images not in collection 4.3 3.5 3.6 3.9 3.8
no relevant images returned 4.2 3.6 4.4 4.0 4.1
not enough time 4.8 4.3 4.8 4.7 4.5
unsure of next action 4.3 4.3 4.2 4.2 4.4
Table 13 Semantic differentials about task perception per task
Differential Task A Task B Task C Task D Task E Task F CS WS p
Ta
sk
clear 4.8 4.8 4.8 4.8 4.8 4.4 4.7 4.7 -
easy 4.4 4.3 3.9 3.9 3.8 3.7 4.0 4.0 -
simple 4.7 4.7 3.9 3.6 3.6 3.7 4.0 4.0 -
familiar 3.6 3.9 3.8 3.5 3.4 3.4 3.6 3.6 -
Se
ar
ch relaxing 4.0 4.5 3.9 3.6 3.8 3.8 4.0 3.8 -
interesting 3.9 3.9 4.1 3.8 4.3 3.9 3.6 4.3 0.006
restful 3.3 3.4 3.6 3.6 3.6 3.7 3.6 3.5 -
Im
ag
es relevant 4.4 3.9 4.3 4.2 4.0 4.1 4.1 4.1 -
appropriate 4.5 4.0 3.9 4.1 4.0 4.2 4.1 4.2 -
complete 3.5 3.6 3.3 3.8 3.6 3.8 3.4 3.9 0.006
Table 14 Organisation and information need development for all tasks
on WS
Task A B C D E F
# Groups 1.2 4.3 4.4 1.5 2.9 2.6
Initial Idea 4.5 4.3 3.7 4.6 4.5 3.4
Detected more aspects 3.0 4.7 4.3 3.6 3.9 4.3
Satisfied with results 3.7 3.5 3.0 4.5 4.1 4.3
Organisation useful 3.0 4.8 4.4 4.6 4.8 4.7
Table 15 Results for the System Part (Experiment 1+2)
Differential CS C˜S WS W˜S p
wonderful 3.4 4 4.1 4 -
satisfying 3.5 4 4.0 4 -
stimulating 3.4 3 4.3 4 0.007
easy 4.3 4 3.8 4 -
flexible 2.9 3 4.1 4 0.000
efficient 3.6 4 3.9 4 -
novel 3.4 3 4.3 5 0.005
CS C˜S WS W˜S p
in control 3.8 4 3.8 4 -
comfortable 4.0 4 4.4 5 -
confident 3.6 4 4.0 4 -
learn to use 4.3 4 4.1 4 -
use 4.2 4 3.9 4 -
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Table 7 Semantic differential re-
sults for the Task, Search Process,
and Images Parts
Differential CS C˜S WS W˜S p
Ta
sk
clear 4.6 5 4.7 5 -
easy 3.8 4 3.9 4 -
simple 3.6 4 3.8 4 -
familiar 3.4 4 3.5 4 -
Se
ar
ch relaxing 3.7 4 3.7 4 -
interesting 3.6 3 4.3 4 0.009
restful 3.7 4 3.5 3 -
Im
ag
es relevant 4.0 4 4.1 4 -
appropriate 4.1 4 4.1 4 -
complete 3.5 3 3.8 4 -
Table 8 Results for the system
and interaction differentials, and
Likert-scales in the System Part
CS C˜S WS W˜S p
Sy
ste
m
di
ffs
wonderful 3.3 3 4.1 4 -
satisfying 3.2 3 4.0 4 -
stimulating 3.5 3 4.3 4 -
easy 4.0 4 3.8 4 -
flexible 2.9 3 4.2 4 0.004
efficient 3.3 3 3.9 4 -
novel 3.7 4 4.4 5 -
In
te
r in control 3.6 4 3.6 4 -
comfortable 3.7 4 4.3 5 -
confident 3.1 3 3.8 4 -
Li
ke
rt learn to use 4.1 4 3.9 4 -
use 3.9 4 3.9 4 -
Table 9 Interface effectiveness
Statement CS C˜S WS W˜S p
effective 3.7 4 4.4 5 0.032
analyse task 2.8 3 4.3 5 0.001
explore collection 3.5 4 4.6 5 0.001
find relevant images 4.2 4 4.2 4 -
organise images 2.7 3 4.7 5 0.001
detect/express task aspects 3.0 3 4.2 4 0.003
Table 10 Relevance
assessment on CS vs.
grouping on WS
Differential CS WS p
easy 3.8 4.4 -
effective 3.3 4.3 0.019
useful 3.7 4.4 0.017
Table 11 Organisation and information need development results
Task D Task E Task F AVG pCS WS CS WS CS WS CS WS
# Selected Images 9.6 12.3 17.9 18.6 13.6 17.8 13.7 16.2
Initial idea 3.9 4.6 4.1 4.5 4.0 3.4 4.0 4.2 -
Detect more aspects 2.9 3.6 3.0 3.9 2.8 4.3 2.9 3.9 0.05
Satisfied with results 3.3 4.5 3.4 4.1 3.9 4.3 3.5 4.3 0.04
Table 12 Summary of task descriptions and number of user samples per system
Task Description Objective CS WS
A Simple or focused category
search tasks. Find as many images as possible for the specified topic 6 6
B Complex or multifaceted cate-gory search tasks. Find as many images as possible for the specified topic 6 6
C Design task. Choose 3-5 images to design a leaflet. 0 12
D Theme search tasks. Choose one image to complement a provided set ofthree images of a specific theme. 8 8
E Illustration task Choose three images to illustrated a provided piece oftext or advertising slogan. 8 8
F Abstract topic search tasks. Choose one image of a specified abstract topic. 8 8
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were familiar with these types of tasks and that they encoun-
tered similar tasks in their own time. The tasks are described
in Sects. 4.3 and 6.1, and are summarised in Table 12. The
number of users per task is also specified there.
Through the analysis of task characteristics and the re-
sulting performance we hope to identify the types of tasks
that each system is most appropriate for. So first, we look
at the task characteristics from the users’ perspective. Ta-
ble 13 (scores from 1 to 5, higher=better) shows that the
tasks were perceived equally clear with an exception of the
abstract search task. The category search was considered the
easiest and simplest, followed by the design task, the theme
search and the illustration task on a par, and finally the ab-
stract search. This shows that task complexity is related to
the decision making process required. The decision mak-
ing process was less crucial in the category search tasks
since the objective was to find as many images as possi-
ble from a (well-defined) given category. Furthermore, the
search process was considered the more interesting, the more
creativity was asked for in a task. However, people’s expec-
tation of the appropriateness of the retrieved images was also
higher for the creative tasks. Thus, the more specific the task,
the more people thought the system helped to retrieve the
right images (relevant and appropriate).
It also emerged that the perception of task complexity
sometimes varied depending on which system the task was
performed on. Most importantly, the search process was con-
sidered significantly more interesting on WS for all tasks.
The most notable difference was between the two category
search tasks. Tasks A and B were considered more simple
on CS than WS: 4.8 and 4.5, respectively. Task A led to
the most stressful search process on WS (CS: 4.5, WS: 3.5)
and the images were considered less relevant (CS: 4.7, WS:
4.2) and appropriate (CS: 4.7, WS: 4.3). The opposite was
true for the complex categories (3.7 for both image differen-
tials on CS; 4.2 and 4.3 for WS, respectively)6. In addition,
the judgement of Task D changed depending on which sys-
tem was used. It was considered more clear (CS: 4.6, WS:
4.9) and easy (CS: 3.6, WS:4.3) and less complex (CS:3.6,
WS:4.0) when using WS.
Next, the task performance has been looked at in the re-
sults analysis sections for Experiment 1 and 2 (Sects. 5 and
6.2, respectively). We briefly reiterate our observations on
the users’ perception of their success in performing a given
task. People were least happy with their performance in the
more creative tasks, mainly due to not having had enough
time to complete the task. People were more satisfied with
their performance on WS, although time was a bigger issue
here. On the other hand, uncertainty about the next action
affected their performance more on CS. The actual task per-
formance for the category search tasks was consistently bet-
ter on CS. However, there was no correlation between actual
and perceived task performance.
Finally, we analysed the amount of user effort required
to solve a task (for Experiment 2). Most time was spent on
6 It is also interesting to note that these two differentials scored the
same on average for both the simple and complex categories on WS.
the illustration task, reconfirming user’s perception on task
performance in this respect. However, more images were se-
lected and more queries were issued during the course of
this task. Adaptive queries in the form of relevance feed-
back iterations or group recommendations were considered
especially valuable for this type of task. WS helped the user
to select more images for all three Experiment 2 tasks.
To conclude, we could see differences in the perception
of tasks and the actual effort required both depending on the
nature of the task as well as the system being used. In sum-
mary, CS seems to be good for quickly finding many images
for a specific/narrow topic. The strengths of WS show par-
ticularly for more complex or creative tasks. Especially if
the information need is vague in the beginning, the group-
ing facility on WS allows the user to explore the collection
and to discover and express different task aspects. There-
fore, users of WS are encouraged to diversify their search.
The workspace makes it possible to make a more informed
decision on the final images selected from a larger set of al-
ternatives.
7.2 Organisation Analysis
In this section we summarise people’s organisation and the
nature of their information need for all tasks performed on
WS. Table 14 shows the relevant data per task. We can ob-
serve that the number of groups created corresponds to the
number of facets the users detected and followed up on.
From this perspective, Tasks A and D were represented by a
single facet (approximately), while the other tasks had about
3-4 facets. Tasks C-F had clear instructions on how many
images had to be selected. These targets are closely reflected
in the number of groups created, with the exception of Task
F. The target for Task F was to select only 1 images, but
was represented by 2.6 groups on average. Since the topic
for Task F was abstract (especially compared to Tasks A and
D), people explored several alternatives, which correspond
to the number of groups they created. Task B is also inter-
esting in this respect. Although the target was the same as in
Task A, namely to find as many images as possible, people
created more groups for the topics in Task B, which were
more complex than the topics in Task A. Hence, the number
of facets is influenced by two factors: (1) the complexity of
the task, and (2) the number of images that were required for
the task.
The nature of the underlying information needs is cap-
tured by asking how clear people’s initial idea (before start-
ing the search) was and if they detected more aspects while
searching. The responses for their initial idea are again an
indicator for how focused the tasks were perceived. Tasks
F and C have the lowest score of initial idea, and are in-
deed more open to interpretation than the other tasks. As
mentioned before, Task F is the most abstract and Task C
the most creative. Interestingly, there is a relationship be-
tween the scores of initial idea and task aspects: they are
roughly inversely proportional. So, the less defined their ini-
tial idea, the more aspects users detected during the search
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and vice versa. Task B is the only exception: the informa-
tion need was well-defined but people also detected more
aspects. This is not too surprising, because people can think
of many images for a category such as “African Wildlife”
from the top of their head —unlike the abstract topic of Task
F. Since these topics comprise a large number of facets (at
least 4.3 that were detected on average) people can still find
some more during the search they had not thought of before.
The large difference in result satisfaction between Tasks
A-C and Tasks D-F can possibly be explained by the im-
proved retrieval system in Experiment 2. Still, we can see
that the creative tasks (Task C in Experiment 1 and Task E in
Experiment 2) have the lowest scores compared to the other
tasks in the same experiment. We believe that this is due
to higher expectations for these tasks. People are instructed
to create a composition of images rather than select images
with a specified requirement. As seen above, time restric-
tions were an issue affecting their performance satisfaction,
probably affecting their satisfaction with the results as well.
Finally, the organisation feature was regarded as very
useful. The only task the organisation was not considered
that useful was for finding a large number of images from
a focused topic. In fact, CS was generally preferred for this
task.
7.3 User Satisfaction with Systems
In both Experiment 1 and 2 the participants were asked to
rate the system they had just used in the post-search ques-
tionnaires. These results are given per experiment above.
Nonetheless, we provide the combined results for all 24 users
of both experiments in this section, since a larger sample size
leads to more reliable results.
Table 15 shows the results for the system part in the post-
search questionnaires. The participants considered CS easier
than WS, while they considered WS to be significantly more
stimulating, flexible, and novel. The scores for the remaining
differentials, wonderful, satisfying and efficient, were gener-
ally higher for WS as well. While using the system, peo-
ple felt more comfortable and confident. However, WS was
deemed more difficult to learn to use and to use. Table 16
shows the users’ preferences of systems for the statements
asked in the exit questionnaire. 67% liked WS best and the
majority also thought it was more effective. CS was clearly
easier to learn to use, whereas the ranking for using the sys-
tems was relatively balanced.
In open-ended questions, the participants were asked for
their opinion on what they liked or disliked about each sys-
tem. The advantages listed for CS were that it was easy to
use, fast and efficient especially for specific searches: e.g.
“easy to drill down and find 1 or 2 images you were looking
for at the start”. Its disadvantages included that the users
felt they did not have enough control over the search and
that its interface was less intuitive (“too abstract”, “slightly
confusing”). People appreciated WS as an organising tool.
The workspace enabled them to plan their tasks and pur-
sue alternative search threads, without losing the overview
of intermediate results and searches: e.g. “ability to group
and then follow alternative search threads”, “very useful if
looking for a variety of different images in the same topic”.
In addition, the system’s flexibility and more control op-
tions were noted as advantages, e.g. “it allowed flexibility
[...] therefore I selected more, then dispensed with those that
weren’t useful”. In Experiment 1, the disadvantages were
mainly concerned with the poor quality of the recommenda-
tions and that the handling of groups was sometimes cum-
bersome. Both of these issues are not inherent in the interac-
tion paradigm of the proposed system itself, and were con-
sequently improved for Experiment 2. The recommendation
quality was improved by taking textual annotations into ac-
count. The handling of the groups and images within groups
was changed so that the system now automatically arranges
the layout of the images in a group. Consequently, none of
these issues resurfaced in Experiment 2.
8 Summary
Although a workspace has been introduced in a few informa-
tion retrieval systems before albeit with limited functional-
ity, for instance ImageGrouper [8] and SketchTrieve [3], its
usefulness has not been evaluated formally yet. Above all, it
has not been studied how results organisation assists image
retrieval. With this two-stage experiment, involving 24 par-
ticipants on a variety of real-life search tasks, we aimed at
filling this gap and answer the following questions: How was
the workspace used? What influence did the task have on
this? Does it help to conceptualise tasks? Does it help over-
come the query formulation problem? These are the answers
we found for our specialised domain of results organisation
for image retrieval:
How was the workspace used and what influence did
the task have on this? As determined in the organisation and
information need analysis, the workspace was used to create
different groupings that reflected different semantic facets of
the task. These facets were often overlapping amongst the
users for the same task.
In addition, we found a correlation between task charac-
teristics and organisation behaviour. The workspace is most
useful for exploratory searches with vague information needs
or complex, multi-faceted tasks. Possible explanations in-
clude that it helps to analyse the task better, discover more
aspects of the task than initially anticipated, and explore the
collection better, which was indicated in the questionnaires.
On the other hand, CS was better for tasks that required
selection of a large number of images for a very specific
topic. However, the organisation was still deemed useful for
focused tasks, because it helped to maintain a better overview
and hence better comparison opportunities of the selected
images. For these tasks, the focus shifts naturally to select-
ing images with good quality rather than the pure quantity
of images. In the users’ eye this was a more realistic goal of
image searching tasks.
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Does it help to conceptualise tasks? Grouping search re-
sults on the workspace incites the user to organise results for
their search/work task. This enabled the users to break up
their overall search task into a small set of individual search
tasks. Hence, the grouping process has the benefit of allow-
ing the user to explore the task. People can pursue a progres-
sive search strategy by following multiple search threads si-
multaneously, while maintaining a constant overview of in-
termediate results and searches. The groups are equivalent to
task aspects, and the search threads are equivalent to trains
of thought. This shows that the workspace helps users con-
ceptualise and diversify their tasks better (experimental hy-
pothesis 2).
Does it help overcome the query formulation problem?
The grouping facility was not only considered easier, more
effective and useful than the relevance feedback approach in
CS, but was praised unanimously in open-ended questions.
In addition, the relevance feedback facility caused more con-
fusion. It became apparent that providing relevance feedback
brings uncertainty as to which images to select for feedback
in order to improve the results. Hence, people relied more
on the manual query facilities on CS than WS. Although
both systems have the same underlying retrieval mechanism,
the workspace approach is more successful at eliciting con-
structive feedback while hiding the internals of the retrieval
mechanism. Since the groups are equivalent to task aspects,
users find it easier to categorise images into these aspects
and interpret the system’s results accordingly. Consequently,
people selected more images for feedback and requested more
recommendations on WS than RF iterations on CS. Thus,
one can conclude that the grouping process is better at over-
coming the query formulation problem (hypothesis 3).
The ability to group search results together with the rec-
ommendation facility, has increased the effectiveness of the
system. The required effort to complete a task was lower
on WS: less queries were issued to find a larger selection
of images. In particular, users created less manual queries
but issued more system recommendations. The participants
also perceived their performance as more successful on WS
and the interface was perceived significantly more effective
for completing the tasks. This shows that the workspace in-
creased the effectiveness of the search (hypothesis 1).
These observations have led us to accept all three exper-
imental hypotheses. However, this study also helped to iden-
tify the limitations of the workspace. WS was more difficult
to use and the cognitive effort required to solve a task was
higher. This was reflected in the questionnaire responses; in
particular users had more difficulty in understanding the task
and it took longer to complete it. However, the longer learn-
ing period and increased cognitive effort is not perceived as
a disadvantage of WS; after all, 16 people preferred WS over
CS. More importantly, we found evidence that attributed the
prolonged search session to the system’s ability to support
the user in exploring the tasks from different perspectives.
As mentioned before, people were able to diversify their
search better and follow up on multiple trains of thought
simultaneously. Still, one has to keep in mind that it takes
longer to become familiarised with this interface, although
we strived to make its operation as intuitive as possible by
using standard commands which the user may already be fa-
miliar with wherever possible.
Finally, we did not explore the use of WS for collabo-
rative image retrieval. On the workspace, people leave foot-
prints of their activities behind for later usage. We also ob-
served that people’s groups overlapped in their overall themes,
which could be exploited in a collaborative context. Such a
feature will be explored in future studies.
9 Conclusion
In this paper, we have established the usefulness of the workspace
system for image retrieval. We have created a realistic ex-
perimental study, in which design professionals performed a
variety of real-life search tasks. Based on the results of this
experiment, we argue that the workspace is an indispensable
tool in an image retrieval system. It is used for organising
the results according to the different aspects or facets of the
task. This helps users greatly in analysing and exploring the
task as well as the collection. Moreover, the workspace sup-
ports a more intuitive search process and helps to overcome
the query formulation problem. All these factors lead to a
more effective and enjoyable search experience.
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Table 16 Comparison of system rankings
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